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WHAT IS CLAIMED IS: 

1 . A spindle motor for a disk drive, comprising: 



2 a spindle motor base; 



5 



7 



a 



3 a shaft coupled to the spindle motor base, the shaft defining a longitudinal axis; 

4 a first bearing, the first bearing including: 
a first inner race attached to the shaft; 

6 a first outer race; 

a first ball set between the first inner race and the first outer race; 
second bearing spaced-apart from the first bearing along the longitudinal axis, the second 

9 bearing including: 

10 a second inner race attached to the shaft; 

1 1 a second outer race; 

12 a second ball set between the second inner race and the second outer race; and 

1 3 a rotary hub surrounding the shaft, and 

H a hub extension between the firs, and second bearings that extends from the rotary hub toward 
the longitudinal axis beyond the first and second outer races and between the first and second 



15 



16 inner races. 

The spindle motor of Claim 1, wherein the hub extension is unitary and integral with the 



1 t 2. 



2 rotary hub. 

! 3 The spindle motor of Claim 1, wherein the hub extension is distinct from the rotary hub. 

x 4 The spindle motor of Claim 1, wherein the first and second inner races are attached to the 

2 shaft and wherein the spindle motor further comprises a first compliant member between the first 

3 outer race and the rotary hub and a second compliant member between the second outer race and 



4 the rotary hub. 

! 5 The spindle motor of Claim 1, wherein the first and second outer races are attached to the 

2 rotary hub and wherein the spindle motor further comprises a third compliant member between 

3 the first inner race and the shaft and a fourth compliant member between the second inner race 

4 and the shaft. 

1 . 6. The spindle motor of Claim 1, wherein the first and second outer races are attached to the 
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w hub and wherein .he hub extension extend, between the firs, and second beings so as to 
J. fits, g ap between the hub extension and a, teas, a portion of the ft* .nner race and a 
4 second gap between the bub extension and a, .east a portion of the second inner race. 
, 7 The sptndie motor of Cairn 6, wherein the hub extension is dtn— d such that 
2 ' firs, gap spans a first distance tha, is iess than a non-operationa. deflection and greater than an 
oper ti na defieCion, the non-operational deflection and the operational deflection ben, 

pertnanen. deformation of the fir, bearing shouid the spindie motor be subjected to a shock 
eventwhen.hespindiemo.orisno.inoperationandisinopera.ion.respeeuveiy. 

8 The spindle tno.or of Claim 6, wherein the hub extension is din— d such that the 
.econd gap spans a second distance that is less than a non-operationa, deflection and greater titan 
. op— deflection, the non-operationa, deflection and the operational deflection betn 

permanent deformation of the second bearing shou,d the spindle motor be subjected to a 
e ven,when m es P indlemo.orisno.inoperationandisinoperatio„,respec.tve|y. 

9 The spindle mo.or of Cairn 6, wherein .he hub extension is configured such .ha. a. leas. 

r^e spindle motor of Claim 1, wherein tire shaft defines a recessed portion between the 
first and second inner races, the recessed portion defining a first facing surface and a second 
, facing surface, each of the firs, and second facing surfaces being perpendtcular to *e 
4 .ongitudina, axis and wherein tire hub extension extends partiaHy into <ne recessed portion to 

tieflne a third gap wtth the firs, facing surface and a fourth gap with the second facng surface. 
, „ The spindle motor of Claim 10, wherein the hub extension is din— d such that tit 
2 mH and fourth gaps each span a third distance tha, ,s less than a 

, greater titan an operational deflection, tite non-operationa, deflection and me operation, 
4 Lection being defined as a deflection of the firs, inner race relative to the first outer race ti. 

would cause permanen, deformation of tire firs, bearing should the spindle motor be subjected 
6 a shock even, when the spindle motor is not in operation and is in operation, respective y. 
, n The spindle motor of Claim 10, wherein the hub extension is configured such tha. the 
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„ The spindle motor of Claim 10, further including a fifth compliant member between the 
first outer race and the rotary hub and a sixth compliant member between the second outer race 
and the rotary hub. 

14 The spindle motor of Claim 13, fcrther including a seventh compliant member drsposed 
be^een the hub extension and the firs, outer race and an eighth compliant member disposed 
between the hub extension and the second outer race. 

,5 The spindle motor of Claim 10, ftrther inching a ninth compliant member between the 
first inner race and the shaft and a tenth compliant member between toe second inner race and toe 

„ The spindle motor of Claim 10, tamer including an eleventh compliant member disposed 
„» a firs, portion of the hub ex.ens.on that faces the firs, facing surface and a twelfth compuan. 
member disposed on a second portion of the hub extension mat faces the second facing surface^ 
17 The spindle motor of Claim 10, further including a twen.y-f.rs. comphan. member 
disposed on a firs, portion of the hub exfension .hat faces the firs, inner race and a twenty-second 
compliant member disposed on a second portion of the hub extension that faces the second mner 

7 The spindle motor of Claim 1, wherein the first outer race defines a first hub extension 
contact surface and the second outer race defines a second hub extension con.ac. surface fta, 
, faces me firs, hub extension contact surface and wherein fte hub ex.ension contacts the first and 
4 second hub ex.ension c„n.ac. surfaces and wherein .he spindle motor further comprises a firs, 
preload keeper attached .o me shaft, me firs, preload keeper loading a. leas, ft. firs, beanng by 
exerting a force on ft. firs, inner race, the exerted force being direcfed toward the second 



2 

3 shaft, 
l 16 



4 ring, 
1 
2 
3 



5 
6 

7 bearing. 



! 19 The spindle motor of Claim 18, further comprising: 

2 ' a thirteenth compliant member deposed between the preload keeper and the first mner 

3 race and between the first inner race and the shaft, and 

a fourteenth compliant member disposed between the second inner race and the shaft and 

5 between the second inner race and the base. 
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« 20 The spindle motor of Cain, 18, farther wherein the spindle motor is configure so as to 

mi a, least par,,* close the axia, travel limit g ap without u„der g oi„ g permanent deformahon 
, of^nrstandsecondbearingsundermeinfluenceofashockeventinanaxiaidirecuon 

, 2 , The spindie motor of Claim 20, wherein the axial travel Until gap ,s selected to be 
2 between about 0.0001 and 0.0012 inches in width. 

, K . The spindle motor of Claim 20, wherein the second outer race and the spindie motor base 
2 are mutually spaced apart so as to define the axial travel limit gap. 

\ Z The spLle motor of Clatm 20, wherein the preload keeper and me firs, outer race are 
2 mutually space apart so as to define the axial travel limit gap. 

Z Th! spindle motor of Claim 20, wherein the spindle motor further includes a ^s ator 

2 support configured to support a stator within the spmdle motor, and wherein the hub tnctadesa 

3 Jer beanng ring portion and wherein the stator support and the lower beanng rtng portton are 

4 mutually spaced apart so as to define the axial travel hmtt gap. 
25 ThlspmdlemotorofC.a.mlS.mrtherwheremthespindlemotorisconfiguredso.to 

aefinearadialt^Urnit gap, theradia, travel — ^^-"^ 

and at leas, partially close the radia, travel Umi. gap without undergoing permanent deformafon 
ofmefirstandsecondbeanngsundertheinfluenccofashockeventinaradialdirectto. 

, 26 . The spindle motor of Claim 25, wherein the radia, travel limit gap , se.ected 

2 between about 0.0001 and 0.0012 inches in width. 

, 27 The spmdle motor of Claim 25, further comprising a stator support for supporting a 

2 stator the stator support being integral with the spindle motor base and wherein the rotary hub 

5 define the radial travel limit gap . 

, 28 Thespmd.emotorofClaimiS.wheretnmero.aryhubfurtherinc.udesasecondbearmg 

2 support portion for supporting the second bearing and wherein the second beanng support 

3 poln and the second outer race are mutually spaced apart so as to define the radta. tnave, hmtt 

\ » The spindle motor of Claim 25, wherein me hub extension defines a third facing surface 
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that is parallel to the longitudinal axis and wherein the third facing surface is spaced apart from 
the shaft so as to define the radial travel limit gap. 

30 The spindle motor of Claim 25, wherein the rotary hub defines a fourth facing surface 
that is parallel to the longitudinal axis and wherein the preload keeper defines a first preload 
keeper surface that is parallel to and faces the fourth facing surface, the fourth facing surface and 
the first preload keeper surface being spaced apart so as to define the radial travel limit gap. 

1 -31. A disk drive comprising: 

2 a disk drive base; 

3 a spindle motor attached to the disk drive base, the spindle motor comprising: 

4 a spindle motor base; 



2 
3 

l 30 

2 
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5 



a shaft coupled to the spindle motor base, the shaft defining a longitudinal axis; 



7 
8 
9 

10 



6 a first bearing, the first bearing including: 

a first inner race attached to the shaft; 
a first outer race; 

a first ball set between the first inner race and the first outer race; 
a second bearing spaced-apart from the first bearing along the longitudinal axis, the second 

1 1 bearing including: 

12 a second inner race attached to the shaft; 

1 3 a second outer race; 

14 a second ball set between the second inner race and the second outer race; and 

1 5 a rotary hub surrounding the shaft, and 

16 a hub extension between the first and second bearings that extends from the rotary hub toward 

17 the longitudinal axis beyond the first and second outer races and between the first and second 

18 inner races. 

1 . 32. The disk drive of Claim 31, wherein the hub extension is unitary and integral with the 

2 rotary hub. 

i 33. The disk drive of Claim 31, wherein the hub extension is distinct from the rotary hub. 

1 34. The disk drive of Claim 31, wherein the first and second inner races are attached to the 

2 shaft and wherein the spindle motor further comprises a first compliant member between the first 

3 outer race and the rotary hub and a second compliant member between the second outer race and 
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the rotary hub. 

35. The disk drive of Claim 31, wherein the first and second outer races are attached to the 
rotary hub and wherein the spindle motor further comprises a third compliant member between 
the first inner race and the shaft and a fourth compliant member between the second inner race 
and the shaft. 

, 36. The disk drive of Claim 31, wherein the first and second outer races are attached to the 

' rotary hub and wherein the hub extension extends between the first and second bearings so as to 
form a first gap between the hub extension and at least a portion of the first inner race and a 
second gap between the hub extension and at least a portion of the second inner race. 
- 37. The disk drive of Claim 36, wherein the hub extension is dimensioned such that the first 
gap spans a first distance that is less than a non-operational deflection and greater than an 
operational deflection, the non-operational deflection and the operational deflection being 
defined as a deflection of the first inner race relative to the first outer race that would cause 
permanent deformation of the first bearing should the spindle motor be subjected to a shock 
event when the spindle motor is not in operation and is in operation, respectively. 
'38. The disk drive of Claim 36, wherein the hub extension is dimensioned such that the 
second gap spans a second distance that is less than a non-operational deflection and greater than 
an operational deflection, the non-operational deflection and the operational deflection being 
defined as a deflection of the second inner race relative to the second outer race that would cause 
permanent deformation of the second bearing should the spindle motor be subjected to a shock 

, event when the spindle motor is not in operation and is in operation, respectively. 
' 39. The disk drive of Claim 36, wherein the hub extension is configured such that at least one 

l of the first and second gaps is selected to be between about 0.0001 and about 0.0012 inches in 

l width. 

1 40. The disk drive of Claim 3 1 , wherein the shaft defines a recessed portion between the first 

2 and second inner races, the recessed portion defining a first facing surface and a second facing 

3 surface, each of the first and second facing surfaces being perpendicular to the longitudinal axis 

4 and wherein the hub extension extends partially into the recessed portion to define a third gap 

5 with the first facing surface and a fourth gap with the second facing surface. 

1 41 . The disk drive of Claim 40, wherein the hub extension is dimensioned such that the third 
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and fourth gaps each span a third distance that is less than a non-operational deflect™ and 
greater than an operational deflection, the non-operationa, deflection and the operational 
deflection bemg defined as a deflection of the firs, inner race relative to the firs, outer race that 
would cause permanent deformation of the first bearing should the spindle motor be subjected to 
a shock event when the spindle motor is not in operation and is in operation, respectively. 

42 The disk drive of Claim 40, wherein the hub extension is configured such that the ttard 
and fourth gaps are each selected to be between about 0.000, and about 0.0012 inches in width. 

43 The disk drive of Claim 40, further including a fifth compliant member between the first 
outer race and the rotary hub and a sixth compliant member between the second outer rac and 

3 the rotary hub. 

44 The disk drive of Claim 43, further including a seventh compliant member dtsposed 
between the hub extension and the first outer race and an eighth compliant member disposed 

between the hub extension and the second outer race. 
, 45 T hediskdriveofClaim44,wherein«hefifthandseven«hcomplian.membersareum.ary 

2 and integral with one another and wherein the seven* and eighth compliant members are unrtary 

3 and integral with one another. 

, 46 The disk drive of Claim 40, further including a ninth compliant member between the first 

2 inner race and the shaft and a tenth compliant member between tire second inner race and tire 

3 shaft. , 

, 47 The disk drive of Claim 40, further including an eleventh compliant member dtsposed on 

, a first portion of the hub extension ma, faces the firs, facing surface and a twelfth comphant 
, member disposed on a second portion of tire hub extension that faces the second facing surface. 
48 The disk drive of Claim 31, wherein the firs, ou,er race defines a firs, hub extenston 
contact surface and the second outer race defines a second hub extension contact surface that 
faces the first hub extension contact surface and wherein the hub extension contacts the firs, and 
second hub extension contact surfaces and wherein the spindle motor further comprises a firs, 
pretoad keeper attached to tire shaft, the firs, preload keeper loading a, leas, tire first beanng by 
exerting a force on me firs, inner race, me exerted force being directed toward me second 



1 48 

2 
3 
4 
5 
6 

7 bearing. 



1 49. The disk drive of Claim 48, further comprising: 
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2 a thirteenth compliant member disposed between the preload keeper and the first inner 

3 race and between the first inner race and the shaft, and 

4 a fourteenth compliant member disposed between the second inner race and the shaft and 

5 between the second inner race and the base. 
1 50. 



The disk drive of Claim 48, further wherein the spindle motor is configured so as to 
define an axial travel limit gap, the axial travel limit gap enabling a portion of the spindle motor 
to displace and at least partially close the axial travel limit gap without undergoing permanent 
deformation under the influence of a shock event in an axial direction. 

51. The disk drive of Claim 50, wherein the axial travel limit gap is selected to be between 
2 about 0.0001 and 0.0012 inches in width. 

! 52. The disk drive of Claim 50, wherein the second outer race and the spindle motor base are 
2 mutually spaced apart so as to define the axial travel limit gap. 

! 53. The disk drive of Claim 50, wherein the preload keeper and the first outer race are 
2 mutually space apart so as to define the axial travel limit gap. 

54. The disk drive of Claim 50, further comprising a stator support configured to support the 
stator within the spindle motor and wherein the stator support and the spindle motor base are 
mutually spaced apart so as to define the axial travel limit gap. 

55 The disk drive of Claim 50, wherein the spindle motor further includes a stator support 
configured to support the stator within the spindle motor, and wherein the hub includes a lower 
bearing ring portion and wherein the stator support and the lower bearing ring portion are 
mutually spaced apart so as to define the axial travel limit gap. 

56 The disk drive of Claim 48, further wherein the spindle motor is configured so as to 
define a radial travel limit gap, the radial travel limit gap enabling a portion of the spindle motor 
to displace and at least partially close the radial travel limit gap without undergoing permanent 
deformation under the influence of a shock event in a radial direction. 

57. The disk drive of Claim 56, wherein the radial travel limit gap is selected to be between 
* about 0.0001 and 0.0012 inches in width. 

1 58 The disk drive of Claim 56, further comprising a stator support for supporting a stator, the 

2 stator support being integral with the spindle motor base and wherein the rotary hub further 

3 includes a second bearing support portion for supporting the second bearing and wherein the 
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stator support and .he second bearing support portion are mutually spaced apart so as to define 
the radial travel limit gap . 

59 The disk drive of Cain, 56, fcrther uprising a spindle disk mounts flange «- 
so as to define the radial travel limit gap. 

60 The disk drive of Cain, 56, wherein the rotary hub fcrther includes a second beanng 
support portion for supporting One second bearing and wherein the second beanng support 

— — — apart s ° — 

61 The disk drive of Claim 56, wherein ft. hub extension defines a third facing surface that 
is parallel to the longitudina, axis and wherein the third facing surface is spaced apart from the 
shaft so as to define the radial travel limit gap. 

62 The disk drive of Claim 56, wherein the rotary hub defines a fourth facng surface hat ,s 
parallel ,o the longitudinal axis and wherein the preioad keeper defines a first pre oad keep. 
Lrface ft- is parallel to and faces the fourth facing surface, the fourth facng surface and 
firs, preload keeper surface being spaced apart so as to define the radial travel M gap. 

, y 63. A spindle motor for a disk drive, comprising: 

a rotating shaft, the rotating shaft defining a longitudinal axis; 
a first bearing, the first bearing including: 

a first inner race attached to the rotating shaft; 
a first outer race; 

a first ball set between the first inner race and the first outer race; 
a second bearing spaced-apart from the firs, bearing along the longitudinal axis, the second 

bearing including: 

a second inner race attached to the rotating shaft; 

a second outer race; 

a second baU set between the second inner race and the se«md outer race; 
a hub surrounding the shaft, the hub defining a hub extension configured ,„ exert a pre-,oadm 8 
force on the first inner race, the pre-loading force being dieted toward the second rnner race; 
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5 second bearings that extends toward the longitudinal axis beyond the first and second outer races. 

1 64. The spindle motor of Claim 63, further comprising: 

2 a seventeenth compliant member disposed between the first outer race and the spindle 

3 motor base, and 

4 an eighteenth compliant member disposed between the second outer race and the spindle 

5 motor base. 

1 65. The spindle motor of Claim 64, wherein the seventeenth and eighteenth compliant 

2 members are non-conductive. 

1 66. The spindle motor of Claim 64, wherein the seventeenth and eighteenth compliant 

2 members are conductive. 

1 67. The spindle motor of Claim 63, further comprising: 

2 a nineteenth compliant member disposed between the first inner race and the rotating 

3 shaft, and 

4 a twentieth compliant member disposed between the second inner race and the rotating 

5 shaft. 
6 

7 
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